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(54) Plasma display panels 

(57) A plasma display panel, of a matrix display 
type, has a first electrode (X) and a second electrode 
(Y) which constitute a main electrode pair, the first elec- 
trode and the second electrode being covered with an 
insulating layer (17, 18) against a discharge gas. The 
insulating layer comprises a magnesium oxide film (18) 
formed at least as a surface layer thereof which Is in 
contact with the discharge gas. the magnesium oxide 
film having an impedance in the range of 230 to 330 
kO/cnf at a frequency of 100 Hz. 
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Description 

The present invention relates to plasma display panels (PDPs). especially AC-type plasma display panels operable 
in matrix display systems. One embodiment of the present invention can provide a plasma display panel suitable for ise 
as a surface discharge type PDP in which discharge win occur along a screen. 

Recently, plasma display panels (PDPs) have been wslely used in telenslon displays as well as monitors of com- 
puters now that color PDP screens are commercially available. Particularly, these PDPs may be utilized as large^een 
flat type display devices for the high definition television (HDTV) systwn. 

In matrix display type PDPs. a memory effect is utilized so as to sustain lighting conditions of cells. The AC type 
PDP is anBnged so as to own a memory function in a structural manner by covering an electrode with a dielectric mate- 
rial. That is, when the AC type PDP is turned ON. fines are successively addressed in order to store wall electron 
charges only into cells to be nghled(en«led). Thereafter, voltages (namely sustain voltages) having alternate polarities 
are applied to all of these cells within one tima This sustain voltage corresponds to a predetermined voltage lower than 
a discharge starting voltage. In such a ceil where wall electron charges are stored, since the wall voltage is superim- 
posed wrth the sustain voltage, the effective voltage applied to this cell exceeds the discharge starting voltage, so that 
a discharge operation wild occur. If the time period during wWch the sustain voltage Is applied Is shortened, then a vir- 
tually continuous lighting condition can be obtained. 

In surface discharge type PDPs which are commercially available, one pair of sustain electrodes (namely, first elec- 
trode and second electrode) are arranged In parallel to each other, which extend over an entire length of the saeen in 
a matrix display every line (row), wrhereas an address electrode (namely, third electrode) Is anranged every column. An 
interval between ajstain electrodes in the respective lines is referred to as a ^discharge slit'. A width of this discharge 
slit is selected to be such a value, for example. 50 to 100 |im that the surfece discharge may occur when the effective 
voltage of on the order of 200 to 250 V Is appHed. On the other hand, another Interval between sustain electrodes 
present in adjacent lines Is refenred to as a "reverse sfit". A width of this reverse slit is made suffidentiy larger than that 
of the discharge slit 

That Is to say. large enough tiiat occunrence of surface cfischarge between the sustain electrodes s^rated from 
each other via the reverse sfit can be prevented. As descried above, botti the discharge slit and the reverse slit are 
provided in the an-angement of the sustain electrodes, so that the respective lines can be selectively emitted (activated). 

A protection film having an anti-sputlering characteristic capable of rrttigating an influence caused by ion bombard- 
ment occurring during discharge operation is provided on a surface of a dielectric material layer (for instance, a low 
melting point glass) for covering the sustain electrode. Since this protection film is made in contact with the discharge 
gas. both a material of this protection film and a film quality ttiereof may give great influences to ttie discharge characr 
ta-istic. In general, magneaum oxide is employed as a protection film material. Magnesium ooddecorresponds to such 
an insulating material having the superior anti-sputtering characteristic and the large secondary electron emission coef- 
ficient In other words, since magnesium oodde Is used, the discharge starting voltage is lowered, so that the surface 
discharge type PDP can be readily driven. Recently, a magnesium oxide film teving a thtokness of on the order of 1 fun 
is formed on a surface of the dielectric material layer by perfbnning a vacuum vapor deposition while using magnesium 
oxide made in a pallet form as a starting material. 

When the surface discharge type PDP is driven, a charge dstribution over an entire screen is initialized (reset) dur- 
ing a time period d^ned after the sustain voltage application fbr a certain Image is accompfished until a next image is 
addressed. Concretely speaWng, prior to ttie addressing operation, reset pulses whose peak values exceed the dis- 
charge starting voltage are applied to the sustain electrode pairs of all of the lines. Since the reset pulses are applied, 
the surface discharge phenomenon will occur at front edges of these reset pulses, so that a large amount of wall elec- 
tron charges are charged to ttie respective cells rather than that of the sustain voHage application. Subsequentiy. the 
self-discharge phenomenon will occur, which is caused only by the wall voltage in response to the rear edges of the 
reset pulsea As a result the most wall charges are neutraTeed. and thus vwfl disappear. In ottier wonis. ttie cfielectric 
materials over the entire screen are brou^ Into the substantially non-charged condition. AHematively. another initiali- 
zation may be carried out wittiout such a self-discharge operation by that an erasing/discharge phenomenon occurs 
only iri the cells which have been previously, selectively charged. In this artemative case, ttie addressing operation for 
this iriitiallzation is required, so that time required for switching displays would be prolonged. 

Conventionally, ttiere is anottier problem ttiat a dis^^ay is disturbed, called as a 'bteck noise '.The ^b\adK noise ' is 
such a phenomenon ttiat a cdl to be.lit (i«mely. selected cell) cannot be lit This black noise may easily occur in a 
boundary between a Oghtfng region and a non-lighting region wittiin a screen. It Is not a fact ttiat all of ttie plural selected 
cells contained in eittier one line or one column are not lighted. However, since ttie black noise occurrence portions 
appear in some places, ttie occun-ence reason of ttiis black noise may be understood as an address missing phenom- 
enon. This address missing phenomenon is caused by that no address discharge operation is executed, or even when 
the address dscharge operation is performed, ttie strengtti ttiereof is low. 

The reason why ttie address missing phenomenon may be conceived by ttie residual waU charges in the reverse 
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Silt. In the case that the surface discharge operation is excessively spread by receiving the reset pulses and thus the 
wall charges are stored also in the reverse slit, even virtien the selNerasing discharge operation is subsequently per- 
formed, the wall charges present at the reverse slit located tar from the discharge slit are left. The effective voltage of 
the addressing operation is lowered by this residual charge, so that the address missing phenomenon will occur If the 
5 neighbonng cells are the selected cells, since the space charges caused by the address discharge operations at the 
neighboring cells may contribute the priming effect, the address missing phenomenon can haidly occur. To the contrary 
in the case that the neighboring cells (especially, front side of scanning) are the non-selected cells as in the above- 
described boundary, no priming effect may occur. Thus, the address missing phenomenon can hardly occur 

It is therefore desirable to solve the above-described problems, and to reduce an occurrence ratio of a so-called 
10 "black noise" by providing the following plasma display panels. 

One embodiment of the present invention can provide a plasma display panel of a matrix display type, having a first 
electrode and a second electrode which constitute a main electrode pair, the first eledtrode and the second electrode 
being covered with an insulating layer against a discharge gas. wherein the insulating layer comprises a magnesium 
oxde f Om formed at least as a surface layer thereof which is in contact with the discharge gas. the magnesium oxide 
film having an impedance in the range of 230 to 330 kCVcm^ at a frequency of IOOH2. 

Another embodiment of the present invention can provide a plasma display panel of a matrix display type, having 
a first electrode and a second electrode which constitute a main electrode pair, the first electrode and the second elec- 
trode being covered with an insulating layer against a discharge gas. wherein the insulating layer comprises a magne- 
sium oxide film formed at least as a surface layer thereof which is in contact with the discharge gas. the magnesium 
oxide film containing silicon atom or a compound thereof at an amount of 500 to 10.000 weight Rjm. 

A plasma display embodying a second aspect of the present invention conprises: a plasma display panel of a 
matrix type, having a first electrode and a second electrode which constitute a main electrode pair and are fbmied on 
a same plane, a third electrode being formed so as to intersect with the first electrode and the second electrode the 
first electrode and the second electrode being covered with an insulating layer against a discharge gas. whereiri the 
25 irwulating layer comprises a magnesium oxide film formed at least as a surface layer thereof which is in contact with the 
discharge gas. the magnesium oxide film having an impedance in the range of 230 to 330 Kn/cm^ at a frequency of 100 
Hz. or containing sUicon atom or a compound thereof at an amount of 500 to 10,000. weight ppm and 

a drive apparatus for applying a reset voltage between the first electrode and the second electrode during an inl- 
30 tiahzing time period, applying an address voltage between the second electrode and the third electrode during an 
address time period, and applying a sustain voltage between the first electrode and the second electrode during a 
sustain time period, whereby both an addressing operation and a sustain operation are performed after a charging 
distribution of the entire screen has been Initialized by self-erasing discharge. 

35 A substrate assembly for a plasma cfispl^ panel, embodying a third aspect of the present Invention, comprises: 
a substrate: 

a plurality surface-discharge electrodes on the sut)strate; 
a dielectric layer covering the surface-discharge electrodes; and 
^ an insulating layer covering the dielectric layer, 

wherein the insulating layer comprises a magnesium oxide fDm formed as a surface layer thereof on a side 
which is to be in contact with a discharge gas; the magnesium oxide film having an impedance in the range of 230 
to 330 kn/cnf at a frequency of TOO Hz, or containing silicon atom or a compound thereof at an amount of 500 to 
10,000 weight ppm. 

45 

In one embodiment, the magnesium oxide f flm is formed in such a manner that: 

magnesium oxide in a pellet form is mixed with a starting material of an impurity in a pellet or powder form and the 
mixture is heated at the same time; 
so a sintered member of a mixture of magnesium oxide in a powder form and a starting material of an impurity In a 
powder form is heated so as to be vapor-deposited; or 

a sintered member of a mixture of magnesium oxide in a powder form and a starting material of an impurity in a 
powder form is used as a target for sputtering, 

whereby the magnesium oxide film having an impedance in the range of 230 to 330 kn/cm^ at a frequency 
55 of 100 Hz is formed, or the magnesium oxide film containing silicon atom or a compound thereof at amount of 500 
to 1 0.000 weight ppm is formed. 

Reference will now be made, by way of example, to the accompanying drawings. In which: 
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Rg. 1 is a schematic block diagram tor representing a structure of a plasma display device (POP) emtxxiying the 
present invention; 

Fig. 28chematicany illustrate8.a frame cfivision used in tfie PDP of Rg. 1 ; 

Rg. 3 Illustrative represents a voltage wavetonn diagram fbrdescrbing a drive sequence of the PDP shown in Rg. 

s 1; 

Rg. 4 is a perspective vloft^for representing an internal structure of a PDP embodying the present invention; 
Rg. 5A and Rg. 5B illustrate a method for meaairing an impedance; 

Rg. 6 is a graptilc representation between the inpedance.of.the magnesium oxide film and the image quality; and 
Rg. 7 is a graphic representation t>etween a contained amount ol silicon and the image.quality. 

10 

As previously descr&ed. one embodiment of the present invention is intended to reduce the occurrence ratio of a 
so-called "black noise", namely cells to be lit.cannot be lit and further 1o improve display qualities of a PDP (plasma 
di^lay panel). To this end, one PDP ertteodying the present invention is featured by comprising such a structure that a 
surface to be in contact with discharge gas, typlcaDy a surface of a dielectric layer lor electrodes is covered by a mag- 
15 nesium oxide f am having a specific f flm quality. With employment of this structure, a discharge characteristic of the PDP 
can be improved. 

The film quality of the n»gnesium oxide film will depend upon a film forming condition containing a composition of 
a starting material. The fbllcw«ng recognition could be mada The occurrence ratio (degree) of the soH»lled "black 
noise" surely d^ended upon comparfeon results with respect to manufacturing lots. To specify electrical characteris- 
20 tics, impedances were measured. The reason why the impedances are measured is such that rt Is very difficult to cor- 
rectly measure a DC resistance value of an insulating material. 

TTie following results have been obtained. That is. whei the impedance value is present within.a predetemvned 
range, the occurrence degree of the Uack noise is low, wherw even when the impedance value Is smaller, or larger 
than a value within the predetermined, range, the occurrence degree of the black ndee is high. 
25 Also, the composition analysis of the magnesium codde ha&been carried out In the case that the contained amount 
of silicon (Si) atom is present within a predetermined range, the occun-ence degree of the black noise is low. As to boron 
(B) atom, cart)on (C) atom and calcium (Ca) atom, there is no particular difference between a sample having a high 
occurrence ratio of the black noise, and a sample having a low oocunenoe ratio of the black noise. It could be predicted 
that such an element wh08e:balance is larger than (mora than, or equal to 3> that of magnesium as same as silicon 
30 represented similar effects as silicon atorn. in part'cular. elements in the 3a group or 4a group, the ion radius of which 
is dose to that of magnesium. 

In this specification, a "pre<J9terjrtned range" implies a range defined from 230 kn/cm to 330 kO/cm. 

It is preferable that the magnesium oxide film contains either an . elementwhose balance is larger than, or equal to 
3. or a corrpound thereof as an impurity. The inpurity may be selected from silicon atom, aluminum atom, or a com- 
35 pound of these elements. . Either siRoon atom or its compound such as silicon oxide is preferably contained in the mag- 
nesium oxide film within a range of 500 to 1 0.000 weight ppm. 

Further, the reason why the address missing phenomenon for causing the black nose can be suppressed may be 
given as fellows: that is, projection amounts of secondary electrons are increased, so that lowering of an effective volt- 
age caused by residual charges can be compensated: and the residual effect of electron charges oan be reduced, and 
40 the residual charges can quickly disappear. 

Next, a description win now.be.made of a method for manufacturing the magnesium oxide film. 

As the starting material of the magnesium oxide f Qm, magnesium oxide formed in either a pellet or powder may be 
employed. In such a case ihat an impurity is contained in this magnesium oxide f ilm, a starting material of this impurity 
may be fomied in either a pellet or powder. 
45 The magnesium oxide film may be manufachjred by employing the above^esaibed starting material by way of 
either the vapor depositing method or the sputtering method, as exeraplSied as follows. 

(1) In a vapor deposition method, magnesium oxkie formed in a pellet Is mixed with the starting material of the 
impurity formed in a p^let or powder, and these starting n^terials are heated at the same time so as to be vapor- 
so deposited. 

(2) In another vapor deposition method, a sintered member is made of a mixture between magnesium oxide fonned 
in powder and the starting material of the impurity formed in powder is heated so as to be. vapor-deposited. 

(3) In a sputtering method, a sintered member is made of a mixture between magnesium oxide fonmed in power 
and the starting material of the impurity fonned in powder, and this sintered member is used as a target for sputter- 

55 ing. It should be noted that in accordance vinth another aspect .of the present invention, not only the PDP. but also 
a substrate assembly used for the PDP can provided. Such a substrate assembly used for the PDP entjodying the 
present invention implies for Instance, in case of a surface discharged type PDP. a substrate assembly provided on 
the display side. 
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Also, a structure of an electrode employed In a POP errtjodying the present Invention may be arranged by a first 
electrode and a second electrode, which constitute a main electrode pair (a surface^iischarge electrodes) formed on 
the same plane, usually a same substrate, and further a third electrode which intersects with thefirst electrode and the 
second electrode. It should also be noted that the third electrode may be used as a so-called "address electrode" to 
wnicn an address voltage is applied. 

«, ^tl?!f'l'" ^ Of the present invention, the plasma display de/ice may be provided which is con- 

structed of the above^lesCTibed POP and a drive apparatus thereof. «^>8wn 
Although the present invention is not limited to the below-mentioned drive apparatus, such a drive apparatus may 
be provKlaJ ,n which a reset voltage is applied between the first electrode and the second electrode duringan initializing 
!Tw^*"!i ^ "^^^ ^ ^ ^""^ electrode during an address t.ne 

«! ' ! * ^ ^ second electrode during a sustain time 

^ Zl ~"^".«'«e. after the charging distribution of the entire screen has been initialized by self-erasing dis- 
charge, both addressing operation and sustain operation can be performed. 

Fig. 1 is a schematic block diagram for showing a plasma display device 100 embodying the present invention 
-nie plasma display da/ice 100 is ananged by an AC type PDP 1 functioning as a matrix type color display device 
and a drjve unrt 80 tor selectively lighting a large number of cells which constitute a display screen. This plaam display 
device100maybeusedasawall-mountedtypetelevision.andamonitorofacomputersystem 
^r^T^^y^ \ ® * discharge type PDP in which one pair of sustain electrodes X and Y (the first elec- 
trode and the s^nd electrode) are ananged in parallel to each other. Each of cells in this PDP 1 owns an electrode 
^!!^J]*ri2.^ three-electrode stnjcture corresponding to the sustain electR>d& X. Y and the address electrode (third 
sSfi JT^T'" "^'^ X and Y extend along a line direction (horizontal direction) of the scrSjalne 
sustem elecjode Yb employed as a scan electrode for selecting ceUs In unit of a line when an addressing operation is 
^ address electrode 'A' is a data electrode for selecting cells in unit of a column, and extends along a 
column direction (vertical direction). «iuii» a 

oHH^^f ®° ""^'"^ ^ * «2, an X<lriver circuit 86. a Y^iriver circuit 87 an 

addre^ driver circuit 88. and a power supply circuit (not shown in detail). To this drive unit 80. picture (video) data D R 
□e. DB having multiple values, which indicate luminance levels (gradation levels) of R. G. B signals for each pixel are 
1^ WBhs in combination with various sorts of synchronization (sync) signals. The picture 

oata DR. DQ. DB are once stored into the frame memory 82. and then are converted into sub-frame data 'Dsf" every 
color by the »ntroller 81 These sub-frame data Dsf are again stored into the frame memory 6Z 1^ sub-frame data 
usf corresponds to a set of binary data for indicating whether or not the cells are required to be Hghted in the respective 
sub-J^mesproducM^by subdividing 1 frame in order to display gradation. The X-driver circuit 86 has a functionto^Jy 
fr^fv ^° the sustain electrode X. and the Y^lriver circuit 87 owns a function to apply a voltage to the sustainX- 

1^11 tetfJi^^T ^^'^^ ^ » *» «**«s electrode A in response to 

the sub-frame data Dsf transferred from the frame memory 82. 

Next, a description will now be made of a driving method applicable to this PDP 1 

Fig. 2 schematically represents a frame division, and Fig. 3 is a voltage wavefomi diagram for indicating a drive 

sequence. 

To reproduce gradation by binary-controlling emissions of ceHs. a time sequence of frames 'P corresponding to an 
^ernally mputted image is subdivided into, for instance. 6 pieces of sub-frames Sf1.sf2.sf3. sf4. sf5. and sf6. A relative 
3« iT™"!!. respective sub-frames sfl to sf6 is set to be equal to 1:2:4:8:16:32. so that the emitting 
"Q-^^S K ^? ^'f^"* '^^"^ sub-frames sfl to 8f6 may be set. Since 64 luminance step I»el8 

dLnl *?" : L*"*^ T^' of d«playable colors becomes 643- It should be understood that there is no need to 
f„^1^ ^^^^^"^^ to 6f6inasequenceofthe relative ratio of luminance. Ftor example, the subframe sf6 hav- 
ing the large relative ratio may be arranged at an intermediate poUion of the display period so as to realize optimization 
„ori^4?' ^ to each of the sub-frames sfl to sf6. a reset time period "TR". an address time 

period -TA . and a sustain time period TS" are allocated. The lengths of the reset time period TR and the address time 
nlT. K ^'^ *° ^ '^'^ luminance, whereas the larger the relative ratio of lumi- 

^""fJ ^ °"^e sustain time period T8 becomes. In other words, the lengths of the display 

time penods of the respective sub-frames sfl to sfS are different from each other 

lini^J^ f®""* ""^ «"«P0"* to a «™ period during which wall charges of an entire sween are erased 
^Ized) in ordar to prwent an adverae influence caused by a Ughting state of the preceding operation. A reset pulse 
cTlTrif^t'^ P^*" ^'^^eds the surface discharge starting voltage, is appGed tofte 

« S^^",***?!! "^^9 at the same time, a pulse havinS a pSpdaSj 

eSf. °^ address electrodes A in order to avoid charging on the rear surface and loS bSSTt 
Z^^l r"?i ^ ^' surface dischai^e wiO occur In all of the lines, so tlat a 

large amount of wall electron charges are produced in the ceD. The applied voltage Is canceled by this waU JoltaJTso 
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that the effective votlage is lowered. When the reset pulse Pw rises, the wall voltage direclly becomes the effective volt- 
age, so that the setf-dischaige phenomenon will occur. The most wail change at all of the walls may disappear, and thus 
the overall saeen Is brought into a unifbrm non-charged condition. 

The address time period TA corresponds to a time period of an addressing operation (namely, setting of light- 

5 ing/non-llghting). The sustain electrode X is biased to be a positive potential with respect to the ground potential, and 
all of the sustain electrodes Y are biased to be a negative potential. Under this condition, ttie respective lines are 
sequentially selected from a top line to a <ast line every 1 line, and tiien a scan pulse "Py" having a negative polarity is 
• applied to the relevam sustain electrode Y. When the lines are selected, at the same time, an address pulse "Pa" having 
a positive polarity is applied to such tiie address electrode A con:e^onding to a cell which is indicated by the sub-frame 

10 data Dsf and should be Oflhted. In tiieselected line, a counter discharge wfll occur between the sustain electrode Y and 
the address electrode A at the cell, to which the address, pulse Pa is applied, and then this counter discharge is 
advanced to a surface discharga Aseries of the^bove-descn-bed discharge operations corresponds to an address dis- 
charge operation. Since the sustain electrodeXis biased atthe potential having the same polarity as that of the address 
pulse Pa. the address pulse Pa is.canceled by tiiis blessing potential, so that no discharge operation can be produced 

IS between tiie sustain electrode X and the address electrode A. 

The sustain time period TS corresponds to a time period during which-a preset lighting state is maintained so as to 
secure luminance in response to a gradation level. To prevent unnecessary discharge operation, ail of ttie address elec- 
trodes A are biased to a potential of a positive polarity, and a sustain pulse Ps having a positive polarity is applied to all 
of the sustain electrodes Y Inihe beginning. Thereafter, the sustain pi^se Ps is altemately applied to the sustain elec- 

20 trodeXandthesustain electrode Y the surface discharge will occur m the cells where the waUc^ 

ing tile address time period TA every time the sustain pulse Ps is applied. The a^lication time period of the sustain 
pulse Ps is constant and the sustain pulses Ps are applied, the number of which is set based upon the relative ratio of 
the lunrnnanca 

Fig. 4 is a perspective view for fllustrating an int»-nal stiticture of a PDP 1 embodying ttie present invention. 

2S In this PDP 1 . one»paired sustain electrodes X and Y are anByed every a fine L corresponding to a cell column of 
a screen along a horizontal direction on an inner surface of a glass board 1 1 provided on a front surface side among a 
boar6 pair for sandwiching discharge space 80. Each of the sustain electrodesX and Y is made of a metal film 42 in 
order to reduce a resistance value in combination with a transparent conductive film 41 . and is covered with the cfielec- 
trie layer 1 7 for an AC drive, purpose. A material of the dielectric layer 1 7 is a PbO group low melting point glass (cSelec- 

30 trie constant is approximately 10). The magnesium oxidefilm 18 (a film quality of ttie fSm 12 will be discussed later) is 
coated as a protection film on a surface of. the dielectric layer 17. A thickness of tills magnesium oxide fflm 18 is 
SOOO-goooA. ag. approximately 7,000 A..Botii ttie dielectiic layer 17 andtiie magnesium oxidefilm 18 have lighttrans- 
mission characteristics. It should.be noted that a board on which a stacked layer member consbtjcted of sustain elec- 
tiodes, ttie dielectric layer, and ttie protection IQm may be refen-ed to asaboard for a plasma display panel An under 

35 base layer 22. ttie address electrode A. ttie insulating layer 24. an isolationiivall 29, and tttree colors (R. G. B) fluores- 
cent material layers 28a 28a 28B for color cfisplay are fomied.on aninner surface of-ttie glass board 21 provided on 
ttie rear surface side. Each of ttie isolation walls 29 is made of a straight line fomi, while observing on a flat surface. 
The discharge space 30 is segmented by these isolation walls 29 every sub^iixel (namely, unit light emitting regon) 
atong ttie linedirection. and further an interval between ttie adjoining dis(^iarge6pace30 is defined as a predetenrtned 

40 value (about 150 ym). A discharge gas made by inixing a very small amount of xenon wHh neon is filled into ttie dis- 
charge spacaSO. Tlie fluorescent matwi^ layers 28R»,28a 288 are locally exdted by ultraviolet rays produced during 
discharge operation to emit visible (ight having preselected colors. 

A single display_pixelisarEangedbyttiree^ub=pixelsarTayed.alongtt^^ member wittiin a 

range of ttie respective sub-pixelaconresponds to ttie cell. Sineaan ananged pattern of ttie barrier rSt>s 29 is a stripe 

45 pattern, portions among the dischargaspace 30, which con>espond to ttie respective cdunre, are continued along ttie 
column direction under such a concfition that ttiese portions bridge all linea The colors emitted from the subi^xels 
wittiin the respective columns araequat to each other. 

The PDP 1 of theaboveKjescnl>ed8tnjctureismanufecturedbycan7ingoutaseriesofttieb^^ 
ufacturir^ steps. That is. a predetemiined slmctural element Is separately provided on each of ttie glass boards 1 1 and 

so 21 to ttiereby form substrate assemblys for a front surface and a rear surface. Botti ttie substrate assemblys are over- 
l^ped witti each ottier at a predetermined interval, peripheral portions of ttie intenml are sealed, air in ttie intenral is 
exhausted, and ttie discharge gas is fnied into ttie inten«l. While ttie substrate assembly for the front surface is manu- 
factured, tfie magnesium oxide fflm 18 is fbmied under such a selected coiKfrtion ttiat ttie film quality capable of effec- 
tively reducing the black noise can be obtained. 

S5 Now. a desCTlption. will be made of ttie film quality of ttie magnesium oxidef Dm 1 8. 

Rg. 5A and Fig. 5B. illustratively show a mettiod for measuring an impedanca Rg. 6 is a graphic representation of 
a relatiorship between an impedance of a magnesium oxide fDm and an image quality. . 

First a plurality of electrode boards are prepared. Magnesium oxide films were formed on ttie surfaces of ttiese 
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electrode boards under different film forming conditions. As indicated in Rg. 5A, the electrode board 91 is manufactured 
in such a manner that a conductive film 93 constituted by an electrode portiori 93a having a diameter of 20 mm and a 
conducting portion 93b is formed on a surface of glass plate 92 witha size of 50 mm x 60 mm. A material of the con- 
ductive film 93 is selected to be TO virtiJch is the same as the transparemconduc*^^^ for constituting the sustain 
5 electrodes X and Y. After the magnesium oxide fflm 95 having a thickness of approximately 7,000 A was formed in such 
a manner that the entire portion of the electrode portion 93a could be uniformly covered, as represented in Fig. 5B. 
another electrode board 91 was overlapped, and then the magnesium oxide film 95 was sandwichedby enploying one 
pair of conductive films 93. Subsequently, an impedance of the resultant magnesium oxide fOm 95 was measured by 
usingan LCR meter The measuring conditions were given as follows: the weight for sandwiching the magnesium oxide 
TO film 95 was 7 kg/cm^; the applied voltage was 1 V (effective value), and the frequency was 100 Hz. 

On the other hand, a plurality of samples were measured impedances, and at the same time, an image quality of 
the PDP on which the magnesium oxide film 18 hasbeen formed was evaluated. This evaluation was carried out byway 
of an obsen^atlon investigation while displaying a transverse stripepattem in which lighting line groups and non-lighting 
line groups were alternately anranged every several tens off fines. A luntinance level of the lighting line group was made 
equal to a half of a maximum luminance level, namely about '32 The back noise was remarkable by lighting only the 
sub-frames 8f6 whose relative rate was •32". If the number of sub-frame to be lighted ^ equal to 1 , then one address 
missing phenomenon may appear as the entire frame is lighted. Also, when the luminance level is equal to "32", there 
is a large luminance difference in such a case that a frame is conrecHy lighted, and is not correctly lighted. When the 
respective tines are sequentially selected from the headline to the last Ene to perform the addressing operatioii in the 
aboveKJescrtoed manner, the back noise may readily occur at a line located at the nearest positiorl with respect to the 
head line of each of the lighting line groups, ft should be noted that since the address missing phenomenon does not 
always occur, the black noise can be recognized as the f Ucker phenomenon In the light emission. 

As to image qualities of the respective PDPs manufactured as a sample, the evaluation was carried out at six 
stages shown in a table 1 so as to investigate a relationsh^ between impedances and imagaqualities. 
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Table 1 

Evaluation Level/Rickerihg Degree 



30 5 (best) —no flicker 

4-^ijckeF internuttently occurs'lh several cdlte 

3— flicker substantially normally occurs in several cells 

2— flicker nomiaily occurs in most off cells In 1 line 

1 --flicker normally occurs in most of cells in 2 lines 

0 (worstHlicker nomially occurs in most of cells in more than 3 lines 

^ As apparent from the graphic representation shown in Fig* 6, the best image quality can be obtained in a range that 
the impedance per 1 cm^ is 270 to 300 ka CJonverseiy. the image quaiities are deteriorated when the impedance is low- 
ered from this range, and also increased from this range. When the image quality becomes lower than' the evaluation 
level 2. the characters can be hardly read. However, when the image quality becomes higher than the evaluation level 
3. there is no practical problem. In other words, the aUowable range of the impedance corresponding to the good infiage 

45 quality range is 230 to 330 kfl 

Rg. 7 is a graphic representation for showing a relationship between an image quality and a contained amount off 

silicon. 

A sample was manutactured by forming the magnesium oxide fOm on a tantalum board. The Investigation was 
made of compositions of the magnesium oxide film with respect to a region of a plane area of 450 on^ by way of the 
so emission analysis method (ICP method). When the niagnesium oxide film was fornied on the tantalum l^ard, at the 
same time, the magnesium oxide film 18 was formed, so that the PDP was manufactured as the sample. The irhage 
qualities of the sanrple PDPs were evaluated in a simUar evaluation manner to the above-described evaluation manner. 
As represented in Fig. 7. an allowable rangeof silicon atom concentration conresponding to a good image quality ranae 



is 500 to 10,000 weight ppm, and the best image quality can be obtained in a range of 1 .000 to 8.000 weight ppm It 
should be noted that a substantially sintilar result to the sample analysis by the ICP wethod could be obtained when the 
compositions of the magnesium oxkie f ttms fomied on each of the sample PDPs were Investigated by the secondanr 
mass spectrometry (SIMS). ' 
The magnesium oxide f im 18 containing a proper amount of silicon atom could be obtained by using the vacuum 
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vapor deposition. When the film is formed, magnesium axKle in a pellet and a silicon compound (snicon oxide, sHicon 
monoxide) in a pellet or powder are mixed and the mixture is used as a vapor d^josition sourca For Instance, the mag- 
nesium oxide fflm 18 having the silicon atom concentration of 1 ^400 weight ppm corresponding to the best evaluation 
level 5 could be obtained in accordance with the following conditions. That is. a^erial was used which was made by 

5 mixing the silicon oxide powder in the.ratio of. 0.1 weight %r with the magnesium oxide pellet whose grain dameler was 
5 to 3 mm and whose purity.was higher than, or equal 10^9.95%. The magnesium oxide fflm 18 was manufactured 
under fflm. fomiing cohcfitions that the vacuum degree was 5x10'^ Ton-; the oxygen conduction flow rate -was 1 2 seem; 
the oxygen partial pressure was higher than. or equal to 90%; the rate was 20 A/sec; the fflm thidaiess was 7,000 A* 
and the board temperature was 150<» C by way of the reactive EB vapor deposlticn method where the pierce type gun 

w was employed as the heat source. AKematively. a sint«-ed member of a mixture made from magnesium oxide and .the 
silicon compound may be employed as the vapor depoation source. Ateo. whilea simflar sintered member may be used 
as a target in the sputtering operation, a desirable magnesium oxide film 18 nay be fomied. 

In embodimentaof the presem invention, the^occurrenpe ratio of the black noise (namely, a phenomenon that a cell 
to be Ughted could not be lighted) can reduced, so that the display quality can be improved. 
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1 . A plasma display panel of a matrix display type, having a first electrode and a second electrode which constitute a 
main electrode pair, tiie first electi-ode and the second electrode being covered with an insulating layer against a 
discharge gas. wherein the insulating layer comprises a magnesium oxide film formed at least as a surfece layer 
thereof which is in contact with tiie discharge gas, the magnesium oxide fflm having^n inpedance in the range of 
230 to 330 ka/cm2 at a frequency of 100 Hz. 

2. A plasma display panel as set. forth in daim 1 . wherein the magnesium oxide film contains as an impurity an ele* 
ment whose valence is more than or equal to 3 and its ion radius is dosed to that of magnesium, or a conoound 
thereof. 

3. A plasma dspt^ panel as set forth in claim 1 . wheran the impurity is sflicon atom, aluminum atom or a compound 
thereof. 

4. A plasma display panel as set forth in daim 1 . wherein the impurity is siliconatom or a compound thereof and con- 
tains at an amount of 500 to 10.000 ppm in the magnesium oxide film, 

5. As plasma display panel as set forth in daim 4, wherdn the siGcon compound is sflicon ooride. 

6. As plasma display panel as set forth in daim 1 , wherein the magnesium oxide fflm has a thidmess of 5000~9000A. 

7. A plasma display panel of a matrix display type, having a first electrode and a second electrode which constitute a 
main electrode pair, the first electrode and the second electrode being covered with an insulating layer against a 
discharge gas. wher«n the insulating layer comprises a magnesium oxide fflm formed at least as a surfece layer 
thereof which is inconlact wHh the discharge gas. tiie magnesium oxide fflm containing silicon atom or a conpound 
thereof at an amount of 500 to 1 0.000 weight ppm. 

8. As plasma display panel as set forth in claim 7, wherein the magnesium oxide fflm has a thidmess of 5000-9000A. 

9. A plasma display device comprising: 

a plasma display panel of a matrix display type, having a first electrode and a second electiodewhich consti- 
tute a main electrode pair and are formed on a same plane, a third electrode being fornied so as to intersect 
with tiie first electrode and the second electrode, the first electrode and the second electrode being covered 
with an insulating layer against a discharge gas. wherein the insulating l^er comprises a magnesium oxide 
fflm formed at least as a surface layer tiiereof which is in contact with the discharge gas. the magnesium oxide 
fflm having an impedance in tiie range of 230 to 330 Ka/cm* at a frequericy of 100 Hz, or containing sflicon 
atom or a compound thereof at an amount of 500 to 1 0.000 weight ppm and 

a drive apparatus for applying a reset voltage between the first electrode and the second electrode during an 
initializing time period, applying an address voltage between tiie second electrode and the third electrode dur- 
ing an address time period, and applying a sustain voltage between tiie first electrode and the second elec- 
trode during a sustain time period, wheretyy both an addressing operation' and a sustain operation are 
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performed after a charging distribution of the entire screen has been initialized by self-erasing discharge. 

1 0. A substrate assennbiy tor a plasma display panel, comprising; 

a substrate; 

a plurality surface-discharge electrodes on the substrate; 

a dielectric layer covering the surface-discharge electrodes; and 

an insulating layer covering the dielectric layer, 

wherein the insulating tayer comprises a magnesium oxide f flm formed as a surface layer thereof on a 
side which is to be in contact with a discharge gas. the magnesium oxide film having an Impedance in the range 
of 230 to 330 kn/cnf at a frequency of 100 Hz. 

11. A substrate assembly for a plasma display panel, comprising; 

a substrate; 

a plurality surface-discharge electrodes on the substrate: 

a dielectric layer covering the surface-discharge electrodes; and 

an insulating layer covering the dielectric layer. 

wherein the insulating layer comprises a magnesium oxide film fomied as a surface layer thereof on a 
side which is to be in contact with a discharge gas. the magnesium oxide film containing silicon atom or a com- 
pound thereof at an amount of '500 to 10.000 w^ght ppm. 

12. A method of manufacturing a plasma display panel having: 

a first electrode and a second electrode constituting a main electrode pair; and 

an insulating layer covering the first electrode and'the second electrode so as to prevent the first and second 
electrodes from being in contact with a discharge gas. 

the insulating layer comprising a magnesium oxide film formed as a surface layer thereof on a side which is to 
be in contact with a discharge gas, 

wherein the magnesium oxide film is formed in such a manner that: 
magnesium oxide in a pellet form is mixedwith a starting material of an iriipurity in a pellet or powder form, and 
the mixture is heated at the same tirtie; 

a sintered member of a mixture of magnesium oxide in a powder form and a starting material of an impurity in 
a powder form is heated so as to be vapor-deposited; a 

a sintered member of a mixture of magnesium oxide in a powder form and a starting material of an impurity in 
a powder form is used as a target for sputtering. 

whereby the magnesium oxide fflni having an impedance in the range of 230 to 330 kn/cm^ at a fre- 
quency of 1 00 Hz is formed; 

13. A method of manufacturing a plasma display pane! having: 

a first electrode and a second electrode constitutirig a mairi electrode pair; and 

an insulating layer covering the first electrode and the second electrode saas to prevent the first and second 
electrodes from being in contact with a discharge gas. 

the insulating layer comprising a magnesium oxide f ilm formed as a surface layer thereof on a side which is to 
be in contact with a discharge gas. 

wherein the magnesium oMde film is formed in such a manner that: 
magnesium oxide in a pellet form is mixed with a starting material of silicon or a compound thereof in a pellet 
or powder form, and the mixture is heated at the same time; 

a sintered member of a mixture of magnesium oxide In a powder form and a starting material of silicon or a 
conrpound thereof in a powder form is heated so as to be vapor-deposited; or 

a sinta'ed member of a mixture of magnesium oxide in a powder form and a starting material of silicon or a 
confpound thereof in a powder form is used as a target for sputtering, 

whereby the magnesium oxide film containing silicon atom or a compound thereof at an amount of 500 
to 10.000 weight ppm is fomied. 
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Fig. 5(A) 



Fig. 5(B) 
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